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Abstract
We report on a 65-year-old man with anomalous portal venous branches associated with azygos continuation and polysplenia syndrome.
Ultrasound and CT of the upper abdomen demonstrated a preduodenal portal vein with stenotic intrahepatic portal venous branches; the
portal blood mainly flowed into the right anterior portal branch via the preduodenal portal vein, with several accessory portal branches that
flowed directly into the hepatic segments VI and III. Portal venous anomalies with such multiple accessory branches have not been reported
previously.
q 2004 Elsevier Ltd. All rights reserved.
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1. Introduction
Patients with polysplenia frequently have complications
consisting of many kinds of congenital anomalies [1]; these
congenital anomalies are called polysplenia syndrome. As
complicated anomalies, cardiopulmonary, gastrointestinal,
genitourinary and central nerve system anomalies, situs
inversus visceraum, duplicated IVC, azygos or hemiazygos
continuation, pancreatic abnormalities such as short pan-
creas, gallbladder abnormalities, and biliary atresia have
been reported [1,2]. Most of these conditions are discovered
when the patients are in childhood, because of complicated
congenital heart disease. However, in patients without
complicated congenital heart disease, these conditions may
be accidentally discovered after adolescence [1,3]. In
addition, patients with polysplenia syndrome are reported
to frequently have complicated portal system abnormalities
such as preduodenal portal vein (PPV) and congenital
absence of the portal vein, despite its rarity [1,4].
However, in this case, complicated azygos continu-
ation in association with polysplenia syndrome was
found; and in addition to the variation of the main portal
vein, there was an unusual branching anomaly of the
portal venous system. To our knowledge, there have been
no imaging reports related to such a portal venous
anomaly. Vascular anomalies in the present case are
considered extremely rare.
This report describes the imaging findings of various
portal branching forms with a literature review. We discuss
the relationship of this anomaly with the embryology of the
portal venous system.
2. Case report
A 65-year-old man was found to have an abnormality in
the liver on an abdominal ultrasonography (US) during a
medical check-up. He was referred to our institution for
further examination of his abdominal mass. At the time of
admission, he was totally asymptomatic. There was no
significant past history. There were no abnormal findings in
the laboratory data.
Abdominal US showed no definite liver mass; however,
at the right side of the porta hepatis, a 3 cm-hypoechoic
tubular structure was depicted (Fig. 1). Power Doppler US
was performed (3.75 MHz, Power Vision 6000; Toshiba,
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Tokyo, Japan), and a flow signal was illustrated within the
structure; FFT analysis of the Doppler examination showed
a static hepatopetal waveform, indicating that this structure
was disclosed as a vessel of the portal system. Intrahepatic
portal branches appeared to be stenotic, and were commu-
nicated with this structure.
Contrast-enhanced computed tomography (CT) showed
that the main trunk of the portal vein ran across the
ventral side of the duodenum and flown into the right
anterior branch, and that the bilateral portal branches
were stenotic (Fig. 2A–C). In addition, the accessory
branches of the portal vein that directly flow into the
periphery of the liver parenchyma (segments VI and III)
were also demonstrated. From these imaging findings, a
preduodenal portal vein (PPV) with accessory portal
venous branches was suggested. The CT also showed a
fragmented spleen and a focal defect of the pancreas tail
(short pancreas).
Various abnormalities of the portal venous branching
form were recognized: the three-dimensional reconstruc-
tion images obtained from the helical CT data depict a
main portal vein branching out into two accessory portal
branches to segments VI and III, and finally flowing into
the right portal branch (Fig. 3). Furthermore, the superior
mesenteric vein joined the splenic vein with a sharp angle.
In addition, systemic venous anomalies such as defects of
the retrohepatic and infrahepatic portions of the inferior
vena cava (IVC), and dilatation of the azygos and
hemiazygos veins were recognized, indicating azygos
continuation. From these image findings, various con-
genital vascular anomalies with polysplenia syndrome
were suggested. Angiography was not performed because
of its invasive nature. The patient has been followed-up
without further examination, because there have been no
clinical manifestations.
3. Discussion
Azygos continuation is a complication of high
frequency in patients with polysplenia syndrome [1,3].
The proximal portion of the IVC is formed by unification
of the right subcardinal vein and right hepatocardiac
channel; the defect of the hepatic portion occurs by this
unification deficiency. For this deficiency, the blood from
the lower extremities and the lower abdominal region
comes to flow into the right atrium via the azygos vein
and superior vena cava [5].
In general, among congenital anomalies of the portal
venous system, PPV [2,3,6] and absence of the portal vein
[4,5,7] are reported to be the most prevalent. PPV is a rare
congenital anomaly due to the malformation of the vitelline
vein and anastomotic branches during fetal periods; in the
fetus, there are two pairs of vitelline veins and three pairs of
Fig. 1. Sagittal ultrasonographic image in the right lobe of the liver. Tubular structure of 3 cm in diameter was depicted at the right side of hepatic hilum
(arrows).
Fig. 2. (A)–(C) Portal dominant phase images of enhanced CT. B and C: at the level of 28 and 42 mm cranial to A. The portal vein is running in front of the
second portion of the duodenum, indicating a preduodenal portal vein. The portal vein associates an accessory branch that directly flows into the liver
parenchyma of segment VI (white arrow). Note the defect of the pancreas tail (short pancreas) (open arrow). The preduodenal portal vein bifurcate a large
branch that directly flows into the right anterior branch of portal vein at the right hepatic hilum (black arrow). The proximal branch of right portal vein is
stenotic (arrow heads). The proximal portion of left portal vein appeared stenotic (not shown). Note polysplenia. In addition, systemic venous anomalies such
as defects of the retrohepatic and infrahepatic portions of the inferior vena cava (IVC), and dilatation of the azygos and hemiazygos veins were recognized,
indicating azygos continuation.
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anastomotic branches, and a main portal vein is normally
formed from a caudal portion of the left vitelline vein, an
anastomotic branch passing with the dorsal portion of the
duodenum, and a caudal portion of the right vitelline vein
[8]. In contrast, the main portal vein in patients with PPV is
formed from the anastomotic branches that go along with
the ventral side of the duodenum.
PPV is reported to occur in association with malrotation
of the gastrointestinal tracts and heterotaxia; however,
neither bowel malrotation nor heterotaxia was seen in this
case [6]. It is known that a high incidence of complicated
PPV is reported in patients with polysplenia syndrome [3].
The association of azygos continuation is reported to be
15% in patients with PPV [6]. According to the review of
Muneta et al. [2], there are imaging reports of 63 patients
with PPV. The development of imaging devices have made
it possible to diagnose PPV, and an increase in cases has
been reported since the development of these devices [6].
There may be more patients with PPV who have not been
discovered because they are asymptomatic. Furthermore,
portal continuation in which the hepatic segment of the IVC
is absent, and the blood from the lower extremities flows
into the portal vein, has recently been reported [5]. Since the
timing in the occurrence of IVC is close to that of the portal
vein in the early stage of the embryonal period, the anomaly
of both vessels can be complicated [4].
As for other portal venous branching anomalies, a case
report of a patient with a left-sided gallbladder (LSG)
without heterotaxia has been recently reported [9]; LSG
incidentally occurs in Japanese, even though LSG is a rare
congenital anomaly. In patients with LSG, there are neither
extrahepatic portal veins nor normal branches of P2 and P3;
the patients have a main portal vein from which the left
portal branches (P2 and P3) directly bifurcate, or they have
a short common trunk that bifurcates P2 and P3. In addition,
patients with LSG have been reported to have an associated
lobar atrophy of segment IV.
As another congenital anomaly of the portal venous
system, a case of the absent umbilical portion of the portal
branch is reported [10].
In our case, the patient had a PPV and several
extrahepatic portal branches that directly flown into the
liver. To our knowledge, there were no such branching
anomalies in the literature. In this case, intrahepatic
anastomotic branches or an extrahepatic aberrant vessel
to segment III that developed compensatively may supply
Fig. 3. Three-dimensional CT reconstruction images clearly show that the portal vein bifurcates in the right side of hepatic hilum (small arrow), and has
branches to liver parenchyma for segments III and VI (arrow heads). Splenic vein constitute with the superior mesenteric vein at a sharp angle (arrow).
Fig. 4. Schematic drawing of the portal vein in this case. The preduodenal
portal vein finally flows into the right anterior branch of portal vein. In the
extrahepatic region, the main portal vein has several accessory branches
that directly flow into the liver parenchyma of segment III and VI. Arrows
indicate the course of blood flow.
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the left hepatic lobe (Fig. 4). The proximal branches of
the right and left portal vein are usually formed from the
cranial portion of the right vitelline vein and from the
anastomotic branches and cranial portion of the left
vitelline vein, respectively [7]. Underdevelopment or
poor involution of these primitive vessels and anastomo-
tic branches may cause stenosis of the intrahepatic portal
branches and compensated collateral formation of
aberrant branches that directly constitute to the liver
parenchyma.
Patients with polysplenia syndrome usually have an
associated PPV [1]. In this case, a PPV was seen; there were
some accessory extrahepatic branches that directly flown
into the peripheral region of the liver parenchyma.
However, an aberrant portal vein that directly flows into
the left lobe has also been reported [1].
Herein, we reported the image findings of a case of
polysplenia syndrome that had various branching anomalies
of the portal system. To our knowledge, there have been no
imaging reports of multiple extrahepatic aberrant portal
veins, although increased incidence of portal venous
variation is reported in polysplenia syndrome.
4. Summary
A case of the anomalous portal venous branches
associated with azygos continuation and polysplenia
syndrome in a 65-year-old man is reported. Ultrasound
and CT of the upper abdomen demonstrated a preduodenal
portal vein mainly flown into the right anterior portal branch
and accompanied with several accessory portal branches
that flown directly into the hepatic segments VI and III.
Radiologists should recognize that some types of branching
anomalies of the extrahepatic portal veins other than a PPV
or an absence of the portal vein could be associated, despite
its rarity. Most of such patients are clinically asymptomatic,
and medical treatment does not need to be aggressively
applied. However, these portal venous anomalies should be
precisely evaluated by imaging modalities before surgical
procedures when patients suffer upper abdominal diseases,
or when they donate a liver for transplant.
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